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>  A  theoretical  model  that  takes  into  account  renormalization  has  been 
developed  for  explaining  the  SAW  attenuation  in  a  superconducting  NbN 
film  with  a  sheet  resistivity  of  30  ki6/sg.  Bulk  ultrasonic  measurements 
in  the  f erromagnetic  superconductors'ErxHo]  ,x Rt  14 B/j  .indicate  that  spin 
phonon  interaction  increases  in  the  superconducting  state  of  these  ternary 
compounds.  Ultrasonic  measurements  in  very  pure  vanadium  single  crystals 
provide  low  temperature  data  which  yield  a  zero  temperature  energy  gap 
2A(0)  that  is  very  close  to  the  BCS  value  of  3.S  klc  but  the  data  close 
to  the  superconducting  transition  temperature  1;  wodld  yield  2A(0)  - 
4.2  klc^  A  theoretical  model  is  being  investigated  to  ascertain  if  it 
will  resolve  this  apparent  discrepancy.  5^  ,  '  •  L  '  ~" 

The  research  goals  and  objectives  on  Ibis  invesl ig.ition  will  remain 
the  same.  No  significant  reorientations  lit"  .ml  i <  ip. tied  for  the  sei  ond 
and  third  years  of  this  research  project. 
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RESEARCH  OBJECTIVES  ANU  APPROACHES 

The  objective  of  this  investigation  is  to  <  leu  m  t  rri  ze  thin  (  i  h  ,  i[.n.*r 
conductors  with  surface  acoustic  waves  (SAW).  by  m.  usnring  the  <_•!<•<  t  -  >;.  phonon 
interaction  in  thin  films,  the  temperature  dopeodenc  e  o(  the  super  coiib.n.  i  ing 
energy  gap  and  the  electron  mean  free  path  may  h:  del  cniii  tied.  It  «i-i  /  also  be 
possible  to  determine  the  existence  of  vorie.-;  an  I  Ivor  t  ox  bound  pairs  in  amor¬ 
phous  superconductors  and  the  effective  energy  gap  in  strongly  localized  super 
conductors.  By  measuring  the  piezoelectric  coupling  In  the  sheet  resistivity 
of  granular  films  it  may  be  possible  to  del. or  mine  liar  si/.e  distribution  of  the 
granules  and  the  distribution  of  the  coupling  belwei.n  granules.  Surface 
acoustic  wave  measurements  of  Josophson  jurist  ion  networks  may  be  correlated 
with  their  signal  processing  properties.  SAW  measurement  of  superconducting 
superlattice  films  may  provide  information  about  the  mechanical  properties  of 
these  films.  Measurements  with  bulk  waves  will  provide  information  about  spin 
phonon  coupling  in  magnetic  superconductors  and  election  phonon  interaction  in 
the  transition  metal  superconductors. 


ACCOMPI 1SHMENTS 


Both  the  dc  electrical  resistivity  and  the  surface  acoustic  wave  (SAW) 
attenuation  coefficient  were  measured  in  the  super i undue  ting  state  of  a 
granular  lead  film  as  a  function  of  an  applied  magnetic  field  normal  to  the 
film  plane  at  several  constant  temperatures.  An  analysis  of  the  data  based  on 
our  flux  model  appears  to  yield  type  II  magnetization  curves  with  upper 
critical  fields  for  this  granular  lead  film  which  air  as  high  as  GO  K  Gauss, 
and  lower  critical  fields  of  about  70  K  Gauss  at  >\  .7  i: . 


Appr  yv.  x  r- , .  .  . 
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We  have  evolved  a  theoretical  model  that  lrii-.es  into  account  renorma  I  i/a- 
tion  to  explain  the  experimental  discrepant  y  in  the  superconducting  si-iie 
between  the  SAW  attenuation  in  a  NbN  film  and  its  shed  resistivity. 

The  film  has  a  8CS  transition  temperature  oi  about  HI  K,  and  a  Kosteriit/ 
Thouless  transition  temperature  of  5  K,  and  a  rionn.il  state  sheet  resistivity 
of  30  Kft/sq.  An  exact  solution  has  been  found  i  or  I  he  renornta  I  i /t;d  ( I  i « ;  1 « •  r; 
trie  function  of  a  two  dimensional  superi  undue,  t  or  which  has  Kosteriit/ 

Thouless  flux  line  dipoles. 

Bulk  ultrasonic  measurements  in  the  series  of  ferromagnetic  superconduc¬ 
tors  Er  Ho,  ^Rh^B^  (received  from  Dr.  Brian  Maple,  UCSO)  appear  to  i ml  '* rate 
that  spin  phonon  interact4  a  is  supressod  by  crystalline  electric  Molds  hut 
superconductivity  screens  these  fields  permitting  the  interaction  to  appear. 
This  may  be  the  reason  for  t tie  increase  in  attenuation  that,  we  have  observed 
in  the  superconducting  state  of  these  ternary  compounds. 

Ultrasonic  measurements  on  very  pure  vanadium  single  crystals  (received 
from  Dr.  Frederick  Schmidt,  Iowa  State  University)  exhibit  data  similar  to  that 
found  for  pure  crystals  of  Nt>,  I’b  and  Hg  .  Analysis  of  the  low  temperature 
data  yields  a  zero  temperature  energy  gap  2A(0)  that  is  very  close  to  the 
BCS  value  of  3.5  kTc  while  analysis  of  the  high  temperature  data  close  to 
the  superconducting  transition  temperature  1  yields  a  larger  value  for 
2A(0).  For  pure  single  crystals  of  vanadium  we  find  this  value  to  be 
2A(0)  ~  4.2  kTc>  It  may  he  that  a  model  based  on  the  effect  of 
renormal i zu c ion  in  the  superconducting  state  may  be  able  to  explain  this 
discrepancy. 

One  paper  has  been  submitted  to  the  Physical  Review,  one  paper  to  Phys. 
Rev.  Letters  and  another  is  being  prepared  lm  submission  to  the  Physical 


Review.  Two  additional  papers  have  been  submitted  to  the  International 
Conference  on  Materials  and  Mechanisms  ol  huperc undue  t  i v i  ty  to  be  held  iri  Ames, 
Iowa  on  May  29-31,  1985.  And,  an  invited  papei  and  two  contributed  papers  have 
been  submitted  to  the  Eighth  International  i.o.il  urem  e  mi  Internal  friction  and 
Ultrasonic  Attenuation  in  Solids  to  be  held  at  Urban:,  Illinois  on  June  8-6, 
1985. 

FORK  AS  I 

I  he  research  rjoals  and  objectives  of  this  invest  igation  will  remain  the 
same.  The  number  of  graduate  research  assist, mbs  will  he  maintained  at  the 
same  level.  The  rate  of  exnend i ture  of  funds  is  expected  to  continue  at  the 
propositi  level.  No  significant  reorientations  are  anticipated  for  the  second 
and  third  years  of  this  research  project. 

When  the  equipment  provided  by  000 -UR U’  fit  ant  Ho.  8A-0221  is  assembled  it 
will  be  possible  to  carry  out  these  measurements  down  to  sub  mi  11 ikelvin 
temperatures  and  up  to  frequencies  of  T  GH/.  lhe  dilution  refrigerator  has 
been  ordered  from  Oxford  Instruments  and  is  expected  in  a  few  months,  lhe 
automatic  velocity  and  attenuation  measurement  apparatus  up  to  frequencies  of 
160  MHz  has  been  ordered  from  Matec.  A  schematic  and  list  of  the  equipment 
necessary  to  extend  the  frequency  range  up  to  h  (ill/  is  being  designed  in 
collaboration  with  Matec  and  assembled  at  HUM.  beyeral  options  for  a  computer 
to  interface  with  this  equipment  are  being  invest  igaled .  Because  ol  delays  at 
the  manufacturers,  an  additional  cost  extension  beyond  15  July  B5  will  be 
necessary  and  has  been  requested. 


TECHNICAL  PERSONNEL 

In  addition  to  the  principal  investigator,  the  I  oi  lowing  graduate  students 
have  worked  and  will  be  working  on  this  gran!.  Ihe  university  has  supported 
some  of  them  as  part  of  l tie  i  r  matching  t oji.m i  l tnen l  . 


Full  Time: 


Mr.  A  ruler  s  fa  henstrom 


Mr.  Jeff  Schmidt 


Mr.  Keun  Ji  nn  Sun 


Mr.  Roy  Wiegert 


Part  I  imp : 

Mr.  Hugu.'s  Pierre  Baum 


Mr.  Qiany  Qian 


Mr.  Dale  Walikainen 


(Senior  Gradu.ite  Research  Assistant) 
lheoretical  renoniM  I  i /at  ion  model  for  acousto- 
electric  effect  in  superconducting  NbN,  and  SAW 
investigation  ol  granular  films  and  super lat t ices . 

(Senior  Gradu.ite  Reseats  It  Assistant) 

SAW  investigation  of  granular  Pb  films  and 
amorphous  film.. 

(Senior  Graduate  Resear <h  Assistant) 

Ultrasonic  investigation  of  ternary  f er romagnet ic 
superconductor  ,  and  port1  vanadium  single  crystals. 

(Senior  Gradu.ite  Research  Assistant) 

Responsible  lor  a  v.eirli  ling  automat  i<  ultrasonic 
attenuation  and  velocity  measuring  apparatus. 

(DUO  URl  P  Grant  No.  fid  022  I ) 


(Junior  Graduate  Research  Assistant) 

Will  work  on  layered  compounds,  strong  coupled 
superconductors,  and  Alb  superconductors. 

(Junior  Graduate  Research  Assistant) 

Will  work  on  dilution  regr igerator . 

(UOD-URIP  Grant  No.  »d  0221) 

(Junior  Graduate  Research  Assistant) 

Will  work  on  Josephson  coupled  superconducting 
arrays . 


Mr.  Min  ferig  Xu 


(Junior  Graduate  Resean  h  Assistant) 

Will  work  on  single  crystal  vanadium,  ternary 
alloys  and  cheviot  phase  superconductors. 


SCIENTIFIC  INTERACTIONS 


1  •  Nb^Sn  and  Nb^Ge  Films 

For  our  research,  Dr.  Robot  l  I  lammoiid ,  '.i,m(or<i  University,  v/ill  attempt 
to  deposit  Nb^Ge  films  on  a  l  uni  i  utini  nil;  i  ■  t  *  -  -ulr,  I  t  u  !  os  .  He  will  tlso 
attempt  to  deposit  Mb,  Sli  end  flb^G.  i  i  !,.«•,  ■  e  p.o  I  ■'  .  led  I  i  t  h  i  imi  ii  in..  ;  le 
subs l rates . 

2 .  To r n a  ,j  A] 1 oys 

Polycrystalline  Samples  of  Ho  l.r,  Rli.H  Have  In  m  obtained  f ;  ui,i 

X  IX  I  'I 

Professor  Brian  Maple,  II.  C.  San  Diego.  these  samples  have  a  f e i  r  omnynet; i c 

z, 

transition  temperature  that  is  accessible  with  lie  cryostat . 

Therefore,  the  interplay  between  f  er  t  omu(|ne  t  i  .in  and  superconductivity  can 
be  more  easily  investigated  ul trason it  a  1 ly . 

3 •  Amorphous  Superconductors 

We  have  obtained  from  Professor  Ted  Gcballe  and  Robert  Hammond,  Stanford 
University,  amorphous  molybdenum  films  stabilized  with  a  small  amount  of 
niobium,  which  were  deposited  on  quartz  and  lithium  niobate  substrates. 
Interdiyital  electrodes  will  be  deposited  on  the  substrates  and 
preliminary  measurements  will  be  initialed. 

♦.  Tin  Based  Ternary  Single  Crystals 

We  obtained  from  J.  P.  Remeika,  Boll  I abor a  for i os ,  single  crystals  of  tin 
based  ternary  single  crystals  that  are  both  magnetic  and  superconducting. 
These  crystals  will  permit  the  transmission  of  higher  frequencies  than  in 
the  polycrystalline  ternary  alloys.  fhe  frequrmy  dependence  of  the 
attenuation  coefficient  should  make  il  po  ■ .  i b I <  in  distinguish  between 
different  models  that  have  been  proposer!  In  explain  the  observer!  effects. 
Initial  attempts  at  polishing  the  samples  have  shown  them  to  be  extremely 


brittle.  New  samples  have  been  obtained  from  J.  P.  Remeika.  A  He  probe 
has  been  built  and  tested  lor  these  iinasur  emenl  s .  Preliminary  m '.-.sure 
meets  have  been  performed  but  the  crystals  still  do  not  appear  adequate 
for  obtaining  ultrasonic  data. 

Sing  1 e  C rystals  of  the  Ternary  Alloys 

Continued  discussions  with  Dr.  David  Hints,  Argonne  National  laboratory, 

concerning  the  possibility  of  obtaining  single  crystals  of  the  ternary 

alloys,  the  first  crystals  will  be  o!  I  rRh  1$  .  ihese  crystals  will 

3 

also  be  measured  with  the  He  probe. 

Single  Crystal  of  Cu,,Ho^S^ 

Correspondence  with  Dr.  Renee  [ lukiger ,  Solid  Slate  Institute,  Karlsruhe, 
concerning  the  possibility  of  obtaining  a  single  crystal  of  Cu^Mo^S^ 
was  conducted.  He  has  grown  such  as  crystal  and  hopefully  it  will  be  sent 
to  us  for  characterization. 

Array  of  Josephson  Coupled  Superconduc t ors 

Discussions  were  held  with  Professor  R.  S.  Newrock,  University  of 
Cincinnati,  concerning  the  deposition  of  an  array  of  Josephson  coupled 
superconductors  on  a  piezoelectric  substrate.  Interdigital  electrodes 
will  then  be  evaporated  on  this  substrate  in  order  to  investigate  the 
array  with  surface  acoustic  waves  in  the  700  Mil/  frequency  range, 
films  of  Va^Sn 

Discussions  were  initiated  with  Ur.  John  (iavaler,  West inghouse ,  about 
obtaining  thin  films  which  will  be  measured  wilh  surface  acoustic  waves. 
Iwo  substrates  covered  wilh  films  have  been  oh  I  a  i  tied . 


Artificially  Produced  Super  lattice 

Discussions  were  initiated  with  Dr.  Ivan  Schullct,  Argonne  N-ition.il 
Laboratories,  about  the  possibility  <>i  oh  l  a  ining  superlattices  made  of  Nb 
and  Cu  in  order  to  investigate  their  .  Iura<  leri  .!  ics  with  surface 
acoust  ics  lives.  Similar  d  isuiss  ions  wer .  held  with  Ibofessoi  i  ed  Gob  a  lie 
and  !!r.  Hubert  Hammond,  Stanford  Unive.siiy,  to  obtain  super  la  i  l  if  e 
st r  ji  t ur es  of  Nb  and  /r. 

1 9  f!  i  111;  Ultrasonic  Symposium 

On  November  14-16  chaired  session  at  l hr  Dallas.  Isxas,  conference. 

Visit  to  Physics  Depart  men  t  ,  Uni  vers  i  iv  oi  i  i  1  ino  is,  IJrbana 
Presented  seminar  on  November  20,  1981 

"Surface  Acoustic  Wave  Investigation  ot  Superconducting  l-ilms." 
Discussed  measurements  on  superconducting  films  with  Professor  Dan 
Ginsberg  and  measurements  in  the  mixed  superconducting  state  with 
Professor  Andrew  Granato.  Visited  the  low  temperature  labs  and  discussed 
the  installation  of  their  dilution  refrigerators  because  of  the  installa¬ 
tion  we  were  planning  for  our  new  refrigerator  (DUO  -UR  1 P  Grant  No. 

84  0221) . 

During  travel  in  Europe  Professor  levy  made  visits  to  the  following: 

12.1  Visit  tothe ..Institute  of  Physical  Chemistry,  Polish  Academy  of 
Sciences A  Warsaw,  Poland 
On  December  27,  1984  presented  seminar  on 
"Surface  Acoustic  Waves." 

Visited  the  surface  studies  laboratory. 


12.2  Vi-  it  toSwi  ss  I  edei  .i  1  1  ns  t  i  !  u !  t  ;  :  !n,ir  1 1  :i ,  Swj  t /er  I .a:  i 

tin  January  -1-5,  1905,  visited  ilu-  r.ilure  labor  a  l  mi  y  ..mi 

discussed  the  meri  Is  1. 1  1  he  Sill  ..i.  ‘  si.u  ;  ■  •  i  i  1 1 1  ion  ref  riger  a!  ors 
installed  at  the  labs  there,  hi,  i  \.c  -..i!h  Dr.  Hans  Hud  i  till  his 
measurements  on  heavy  t  «:-i  mi  on  sup  i  •.  ont'm  t-.w  s  and  discussed  s :  i  L 1 1  Dr. 
Ana  Celia  Ho  la  her  men  su  reinon  L  s  on  the  pi  .i  :  unity  effect  at  ini  Mi  - 
kc-lvin  temperatures .  Also  disre  -I  these  topics  with  l»rofcs  sor 
Jorcjen  L.  Olsen. 

12.3  Visit  to_the  Bavarian  Wu  1  ther  He  i  sin  t  low  I  ciiijierature_  I  ahor  a  t  ory , 

Hun i ch L  Wes t_Ge rmany 

On  January  7  and  B,  1985,  Prof escor  levy  visited  the  Walther  Meissner 
low  Temperature  laboratory  and  disiu,.ed  wiih  the  director,  l)r. 

Klaus  Andres,  the  merits  of  their  dill-rent  large  dilution  refri¬ 
gerators  and  the  advisability  of  buildup]  specialized  small  dilution 
refrigerators  and  using  super  insu  la l ed  diwars  for  these  small  refri¬ 
gerators  in  order  not  to  require  liquid  nitrogen  in  their  operation. 


3.  l9B'j  II  I  L  Ultrasonic  Symposium 


Member  of  the  program  committee  of  the  r onforonco  to  be  held  in  San 
franc isco  on  October  16-18,  1985. 


March 


of  the  American  Physica 1  Sol iety 


Attended  the  conference  on  March  25-29,  1985,  which  was  held  in  Baltimore, 
Maryland  and  chaired  a  session  on  "Superconductivity:  A15  Compounds." 

Held  discussions  with  Professor  fed  Geballe,  and  Dr.  Robert  Hammond, 
Stanford  University,  concerning  super  lit ! i< t  .  ol  Hh  and  7r.  Ih-ld 


discussions  with  Dr.  John  (iavalcr  ahou!  meusur  ing  some  of  their  pure  Nb 
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single  crystal  films  in  urde 

t  to  as i an  i  i  h 

t  I  liiiKu  d  (. ompdr  i  s on  w 

:i  Ji 

MS  superconducting  films. 

lie  1  d  d  i  -,c  a  ,s  i  '.a 

■  will.  hr.  Georg:  i„ can: 

’  t/t.*  , 

Ary  Kin;.*  National  laboratory, 

abou  l  th  .in: 

j  i « 1  i  ,  y n  i  a  1  s  of  i  r  e : t ,  n 

t  ild  L 

ttn-y  are  attempting  to  grow 

a  t  Al  son  a  ; !  i 

i  or, e  !  i  i  lor  a  tor  y .  1  i  s  a 

with  Professor  R.  Newruc  k  his  cent  inti  <  :i<i  :  1 1 « uij  ■  i  -.  to  make  Jo  •  i  .i  i 
c  u  u ;  >  1  (  ci  arrays  .  I  hey  are  going  lo  ir,  ■  j  1..  •  (on, .'ll  submitr  on  I,,'  I  !  i  1  ■/  to 
p  roil  in  o  these  arrays.  Discussed  with  i)r.  Ana  (alia  (iota  the  m,  ,  s  i  o  ;  1  i  i  :j 
of  m  ,i  k  i  ng  surface  acoustic  wave  measui  ••merit  s  on  systems  which  d  i  a  lay  the 
large  superconducting  proximity  effect  that  she  recently  discovered. 
Continued  discussions  with  Or.  Jim  Smith,  I  os  Alamos  Laboratory ,  about 
t hr  possibility  of  out. lining  heavy  fermion  superconducting  crystals  from 
h  i  ;:i  i  oi  ultrasonic  measui  t-mont  s .  Disiussed  out  hulk  wave  measurements  on 
tne  ternary  supercotiduc  t  ers  and  our  SAW  measure-men  Is  on  granular  super 
i  cadet  lets  with  Dr.  lewis  lestardi.  National  bureau  of  Standards. 
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